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The United States Air Force School of Aerospace
Medicine (USAFSAM) has a requirement for a performance
evaluation and comparison of two subject-controlled
attitude indicators during exposure to the somatogravic
or posturégravic illusion. This illusion is well X%Xnown
for giving aircraft pilots a false sensation of
excessive pitch-up during takeoff. With a lack cf
visual stimuli, the pilot misinterprets the resultant
gravitoinertial force vector as approximating the
vertical force vector of gravity. Accidents occur when
pilots adjust to what they f{eel is level flight, when
they are, in fact, pitched down toward the ground. The
USAFSAM Vertifuge (spatial disorientation device) was
usel to generate this illusion in 16 subjects (8
experienced pilots and R nonpilots) by varying
gravi toinertial and actual (cabhin) pitch positions.
Each subiject rode the Vertifuge twice. During one

session, the subject used a canopy-mounted downpointer

j




to estimate position in space relative to the ground,

and in the other session the subject used a joystick-

controlled inside-out aircraft attitude indicator. P
As expected, the results clearly indicate that the

canopy-mounted downpointer is better at gquantifying the

somatogravic illusion in this Vertifuge study.

Furthermore, it is apparent that there are no

significant differences in performance between pilots

P
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and nonpilots using either (dcvice. { ey
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PREFP.CE

The following thesis deals with an evaluation of
two subject-controlled attitude measures used by the
United States Air Force School of Aerospace Medicine at
Brooks Air Force Base, San Antonio, Texas. These
devices are used in the study and quantification of
spatial disorientation illusions, which adversely affect
the ability of aircraft pilots to safely control their
aircraft in flight. The United States Air Force is
intercsted in which device may more accurately guantify
illusions, and therefore, be of more value in the
research and training aspects of spatial disorientation.
It is hoped that this thesis will satisfy these
important requirements and provide useful informatjion
for further study in this topical area.

rreliminary research and design formulation began
in November 1987, data collection started in February
1988, the thesis went to committee on 12 July 1988, and

the committee met and gave final approval on 2¢ July

1988.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND

Rarely does a week go by without a tragic aircraft
accident. From the most high technology military jet
fighters right down to the Piper Cub, none are "crash-
resistant” or completely and infallibly automated.
Aircraft accidents happen for many reasons: mechanical
failure, structural failure, weather, and human error.
With respect to human error, man has not adapted to an
ajirborne environment:; rather, he is a ground-oriented
creature not particularly well-suited to perceiving the
acceleration, velocity, and attitude changes asgsociated
with aircraft operations (Gillingham and Wolfe [1985]).
Dowd [1974] reports that even though a highly
sophisticated inertial guidance system has evolved
phylogenetically in man, it does not provide enough
information and often produces erroneous information in
the flying environment.

One major cause of operational aircraft accidents
are i)lusions which result in spatial disorientation,
directly attributable to the unusual parameters
encountered in flight. Kirkham et. al.[1978] define
aviation spatial disorientation as "an incorrect self-
appraisal of the attitude or motion of the pilot and his

plane with respect to the earth"” (p. 1980). This class




of effects generally prevents the pilot from correctly
determining his/her position in space. In general pilot
"lingo," and even in FAA puhlications, spatial
disorientation is referred to as vertigo or pilot
vertigo. Barnum and Bonner [1971] warn that as
airspeeds and angular accelerations increase with
modern-day aircraft, so will the incidence of spatial

disorientation.

1.2 PURPOSE

The primary objective of this research was to
evaluate different mechanisms for the continued study of
spatial disorientation at the USAF School of Aerospace
Medicine. Results of thi study may be applied to
enhance future research and training, and accident

investigation.

1.3 OVERVIEW OF THE THESIS

In this study, subjects were exposed to the
somataqgravic illusion, one in the class of spatially
disorienting illusions. They were asked to indicate
their subjective perception of pitch attitude (with
respect to the ground) using two different subject-
controlled attitude indicators. The purpose was to
determine which device is more accurate in quantifying
the illusion. Accuracy was defined by the deviation

from the predicted gravitoinertial value, based on a




previously tested model of the somatogravic illusion
(which will be discussed in Chapter I11). Chapter 1II is
a literature review of the thesis topic area which moves
from a general historical overview and description of
spatial disorientation to a specific review of the
somatogravic illusion and it's sensory components.
Chapter IIl1 is the methodology section, covering
subjects, apparatus, design, and specific procedures
used in the present study. Chapter 1V presents the
experimental results in two separate formats:
descriptive and inferential statistice. And finally,
Chapter V provides a summary of the main conclusions of

the thesis, a discussion of these results, and several

recommendations for further research.




CHAPTER 11

LITERATURE REVIEW

2.1 HISTORICAL PERSPECTIVE

One of the earliest references recognizing spatial
disorientation as a problem encountered in the airborne
environment appears in Jones [1919], who stated that:

Without functioning internal ears, it is impossible

for an individual to be a good birdman. In order

to preserve the wonderful accuracy necessary in
controlling such a delicate mechanism as the flying
machine, he relies preeminently on his ear

balance...{p. 24).

Jones [1919] stated further that 'it is highly probable
that many an aviator has gone to his death because,
unknown to him, he did not possess a normal ear
mechanism." As will be described, in actuality it is
this "normal ear mechanism” (vestibular organ) which is
the cause of the spatial disorientation aircraft
accident (Nuttall [1958]).

Another historical example of spatial
disorientation springs from the same era and thinking as
Jones' statement {1919]. Whiie writing on the history
of instrument flight, Ercoline (1985] refers to the
Wiright brothers' practice of using a string as the first
flight "instrument" to indicate attitude. An eight inch
string was placed in the air stream in front of the

pilot and when it extended straight back the pilot knew

the plane was inilevel flight. Later instructors




unfortunately taught their students to disregard these

strings and trust their "feel of the ship." The "flying
instinct" concept produced many dead pilots in World War
I, when Americans first began flying in weather.
Ercoline 1985] further quotes the famous 1920's

"birdman," Major John A. Macready, who said:

Few persons realize that flying is virtually
impossible unless there is some exterior fixed
point that the pilot may use to obtain a sense of
balance or position. 1f there is no horizon, no
_ light or any fixed object, a pilot cannot tell the
[ position that the plane is in except from the
instruments in the cockpit. 1 personally believe
that if there is no fixed point or horizon, nc one
can tell his position, whether upside down,
straight up, or crosswise, except when the force
of gravity pulls him away from or toward the plane
(p. 168).

As will be discussed, even the percelived gravitational
force can, in some instances, be misleading and

illusory.

2.2 SPATIAL DISORIENTATION

Spatial 4disorientation is a phenomenon in which

alrcrew members lose tueir capacity to accurately

establish their position with respect to the earth.

Many different spatially disorienting illusiouns have

been identified over the years. It has been reported by

villingham [1987) that from 1980 to 1986 a total of €9

USAF aircraft (approximately 17 percent of all mishaps)

were lost due to some aspect of spatial disorientation.




This means the U.S. Air Force has an annual loss of
approximately 10 aircraft, over 10 lives, and between
$60 and $100 million in assets/training lost every year
as a direct result of spatial disorientation. S8patial
disorientation is not just a phenomenon of the high-
per formance aircraft of the 80's; during an eleven-year
period beginning in 1958, 192 USAF pilots lost their
lives in accidents attributable to spatial
dAisorientation (Barnum and Bonner [1971]). As can be
easily seen, spatial disorientation has been and is
stil)l a costly problem. Most aircraft involved in
spatial disorientation accidents are fighters and jet
trainers (84 percent), but other aircraft are affected
as well. Additionally, it appears that pilot age and
experience, and phase of flight have little to do with
the incidence of spatial disorientation accidents
(Barnum and Bonner [19711]).

Rayman's [1973] study of sudden incapacitation in
flight shows that 26 out of 89 incidences, or 29
percent, were due to spatial disorientation. Sixteen of
the cases resulted in fatalities and, as expected, most
of the occurrences {(23) occurred in fighter and jet
trainer aircraft. Table 2.1 is taken from Rayman
f1973]). 1In a follow-up study, Rayman and McNaughton
[1983]) surveyed the period from 197@ to 1988. Again,
spatial disorientation was found to be "a major cause of

aircraft accidents/incidents," even though it is




probably an uader-reported occurrence. Of the 25

———— 4P = — D G S b S S D Gwr - vmn W N B M O Sem T = e W Y G EE - AP SR A W e -

Cause Number 9£ Cases
lLoss of Consciousness 36
Spatial Disorientation ) 26
Hypoxia ) 19
Fumes in Cockpit ) Without Loss of 4
Airsickness ) Consciousness 1
Hyperventilation ) 1
Coronary Ynsufficiency ) 1
Otitis Media ) 1
Total = 89 -

Table 2.1 CAUSES OF SUDDEN INCAPACITATION IN FLIGHT
January 1966-November 1971
(Rayman [1973])
disorientation mishaps reported (14 of which were

fatal), 20 involved fighters or Jjet trainers. Table 2.2

is taken from Rayman and McNaughton [1983].

- s - ——— G WD = ——— v S, T Dy g— . —— . = > S - ——— A e = S

Phase of Flight No.
Bombing range over water 5
Bombing range, 1land 2
Takeoff at night or in clouds 8
Approach/land thru clouds/night 6
Intercepts, night/haze 3
Cruise 1

——— . —— . o - S . - Dt n o D G M D G WD W S D g = S b A Tm un = - —

Table 2.2 PHASE OF FLIGHT AND SPATIAL
DISORIENTATION, 1970-80
{Rayman and McNaughton [1983])
Yet another study of spatial disorientation accidents in
the U.S. Alr Force comes from Moser [1969], who reported
9¢ of the major flight accidents and 26% of the fatal

accidents from 1964-1967 in the Aerospace Defense

Command were attributatble to spatial disorientation. Of




these accidents, 91% involved pilots with more than 1000
flying hours, so the problem is evidently not solved by
greater experience.

Clearly, spatial disorientation is an important
military problem, since mostly high-performance aircraft
are involved. However, general/civilian aviation is not
exempt from spatial disorientation. Kirkham et.
alt.f1978] showed that spatial disorientation ranks as
the third largest cause of fatal accidents in smaltl,
fixed~wing civilian aircraft, contributing to 16% of all
such accidents. They suggest that further training
hbe reccmmended for civilian pilots who, in many cases,
do not understand the concepts and dangers of spatial
disorientation.

A major program is underway at USAFSAM to develop a
curriculum to train aircrews to recognize and cope with
this class of illusions (Shifrin [1986]). During
training programs, aircrews are exposed to spatially
disorienting illusions on the USAFSAM Vertifuge. It is
hoped that through periodic exposure and improved
training techniques that an awareness and sensitization

of this probhlem can be imparted on all flying personnel.

2.3 SENSORY FACTORS IN SPATIAL DISORIENTATION
Kirkham et. al.[1978] report that most of the

incidents of spatial disorientation occurring in flight

are due to inadequate or unreliable sensory information.




The visual and vestibular systems are critically
important in maintaining proper orientation. 1In flight,
pilots are often encountering situations which may
exceed the capability of their senses to maintain proper
awareness of their orientation in space. Pilots rely to
a large extent on external visual cues when flying in

"

"good weather," but the pilot may be forced to rely
exclusively on "secondary orientation modalities" like
the vestibular and proprioceptive systems in total
darkness or "bad weather." Unfortunately, these systems
often fail to provide accurate percepts regarding
attitude and motion.

Malcolm [1984] states that orientation is primarily
visual in nature, followed by vestibular, and finally
proprioceptive and kinesthetic inputs (the "seat-of-the-
pants" sensations). Within the vestibular system, the
semicircular canals stabilize the eyes during head
movement and sense angular acceleration, while the
otolith organs provide a direction of the resultant G-
vector through sensing linear acceleration. This
resultant G-vector is further defined as a combination
of gravity and any linear acceleration. These
vestibular organs send their motion and orientation
information to the cortex of the brain via the

vestibular nucleus.

Dowd [1974] examined the causes of spatial

disorientation by first describing the three main




sensory systems which influence it: visual,
proprioception, and vestibular. Vision is man's
dominant sense. When adequate and correct visual
stimuli are present (i.e., a well-defined horizon),
pilots generally have no problems with spatial
disorientation. Proprioceptive and tactile cues
"provide information concerning the activity of skeletal
muscular groups and of the relative position and
movements of limbs" {(p. 759). Loading from linear
acceleration can affect these senses. For instance, a
pilot being pressed back in his seat during a takeoff
will "“feel" himself and his aircraft being tilted back.
The vestibular system stabilizes the head and eyes
during body movement. The interaction of all of these
mechanisms, especially if conflicting, can create an
“imposing psychophysiological hodgepodge" (Nuttall
[1958], p. 433). As previously stated, the crgans
involved in the vestibular system are the otoliths and
the semicircular canals. The otoliths sense the
attitude of the head relative to gravity and are
generally analogous to the artificial horizon on the
instrument panel. The semicircular canals sense angular
acceleration. Both organs provide information to
skeletal muscles involved in body stabilization.

As early as 1949, Clark and Graybiel identified

visual cues as forming the basis for proper orientation

during flight. If visual cues are deficient or




illusory, then spatial disorientation may occur.

Further, false or misleading nonvisual cues are normally

suppressed if existing visual cues are adequate; if not,

then rivalry between existing stimuli may incorrectly be

resolved with grave results. Nuttall [1958] states that s
"normal visual perception, even in flight and when used

appropriately, is almost 108% reliable, whereas

labyrinthine sensations (vestibular) in flight are, on

the contrary, almost 1098% unreliable as a means of

orientation in space" (p. 432). The vestibular system S
evolved to function on the stable platform of earth, but

in the unstable sky it is the "perfect organ of

perceptual confusion" (p. 432).

Modern instruments have not completely :0lved the
problem of spatial disorientation (Braybrook [19871).
There are nho instruments which have "the same
unambiguous and convincing quality as the earth's
horizon.” This could be because the brain determines
attitudinal orientation from the peripheral vision, not
the central vision where most cockpit instrumentation is
mounted (Braybrook [1987] and Malcolm [1984]).
McNaughton [1985] defines peripheral vision as the
“ambient mode" of vision. He claims it is noncritical
and can easily be fooled or deceived. Interestingly, he
views it as not exclusively visual, but "hard-wired" to
the same terminals in the brain into which orientation

information from our other senses of balance,

11




proprioception, and hearing are fed. Instead of a
mismatch between vision and the other senses, McNaughton
identifies peripheral vision as one component of a

multi-sense system of orientation.

2.4 THE SOMATOGRAVIC ILLUSION

Braybrook [1987] reports that the somatogravic
illusion was first identified in the 1948's, when "a
number of perfectly egerviceable aircraft were flown into
the ground, wings-level, immediately after takeoff" (p.
28). This illusion is a common spatially disorienting
effect which gives an aircrew member "a false sensation
of body tilt that results from perceiving as vertical
the direction of a nonvertical resultant gravitoinertial
force" (Gillingham, Shochat, and Fischer [1987]).

The illusion occurs during the absence of "good"
visual stimuli and can easily be described in the
following example. During a dark night takeoff, if
there is an absence of visual pitch information, a pilot
may confuse the true vertical (i.e., gravitational)
vector with the vector caused by the addition of the
inertial force resulting froin the aircraft's
acceleration and the force of gravity (i.e.,
gravitoinertial). 1If the pilot believes that the
resultant gravitoinertial vector is the true vertical,
then the pilot also believes that the aircrgft is

excessively pitched up. Any corrective action may place

12




the aircraft in a shallow dive (the pilot believes he
has corrected to be straight and level), potentially
resulting in a collision with unseen land or water
(Buley and Spelina [197@]). Figure 2.1 (Buley and
Spelina l197@] and Figure 2.2 (Air Force Manual 51-37
(1986]) graphically represent the force vectors and
pilot "feelings" associated with the somatoygravic
illusion. Cohen et. al.[1973] argue, in opposite
fashion, that affected pilots could attribute a true
excessive nose-up attitude exclusively to the illusion,
allowing their airspeed to decay and causing a crash
because they were too "aware" of the somatogravic
illusion.

Barnum and Bonner [1971] report that 19% of USAF
disorientation accidents occurred during the critical
takeoff/departure phase of flight. Rayman and
McNaughton [1983] present data showing that of 25
confirmed spatial disorientation accidents from 197¢-80,
8 (32%) occurred during takeoff at night or in clouds
{See Table 2.2).

The primary component of the somatogravic illusion
is linear acceleration, which Clark and Graybiel [1949]
define as a "change in velocity without a change in
direction" (p. 93). Linear acceleration acting in the
horizontal plane of a pilot and his aircraft and gravity
acting on the vertical plane combine to produce the

resultant gravitoinertial force vector (as illustrated

13
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(Air Force Manual 51-37 [1986])
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in Fiqures 2.1 and 2.2). Clark and Graybiel [1949]
report that accelerative forces result in a change in
both magnitude and direction of this resultant vector.
The subject feels as if he is "pitching up," i.e., a
sensation of backward tilt. Cramer and Wolfe [1970]
describe this phenomenon as "a strorg horizontal
acceleration vector is added to the gravity vector, and
the pilot is apt to operate upon the resultant of these
two vectors" (p. 644).

It is important to understand the nature of the
quantification of the somatogravic illusion for future
reference in this study. Many resultant gravitoinertial
force vectors can be duplicated in the nonflying
environment by using linear acceleration to generate a
number of body pitch positions. Since the force of
gravity is constant, the gravitoinertial vector can,
therefore, be accurately generated at many different
contfollable values. This concept leads to the
formulation of a somatogravic illusion model which
predicts at what pitch attitude any rormal subject will
perceive or believe themselves to be. So for any giv2n
linear acceleration and body tilt position there ics a
unique perceptual "feeling” of pitch across all
subjects. For further coverage of this concept anl
specific model parameters, see Gillingham et. al.[1987]

or Wolfe and Cramer [19270].

PPV I

Dowd et. al.f1973) interviewed pilotl trainees with
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respect to exposure to several spatially disorienting
illusionas. Here is a sample of what several trainees
are quoted as saying about the somatogravic or
posturogravic illusion:

I got the feeling of rising. I did have it

leveled, but I felt as if I were climbing. I have

experienced a tendency to think the aircraft is
climbing more than it should be on a takeoff at

night (Dowd [1970], p. 548).

I felt it; I also knew it wasn't real so I more or

less ignored it. I have experienced it in flight -

on takeoff especially at night immediately after
liftoff when 1 lose sight of the horizon,
compensating for it by referring to the instruments

right off (Dowd [1970], p. 548).

Cohen, Crosbie, and Blackburn [1973] examine pilot
per formance after catapult launchings. This type of
launching obviously exposes the pilot to tremendous
amounts of linear acceleration, which produce both
visual and postural illusions. The visuel illusion or
oculogravic illusion causes objects to appear to rise
above their true positions, while the posturogravic or
somatogravic illusion creates a sensation of backward
tilt. As can easily be seen, these illusions complement
each other. The pilot seemingly observes his
instruments rising, while having a feeling that his
aircraft is excessively nose-high.

In a related study, Cohen [1976] exposed subjects
to simulated catapult launchings in a condition of total

darkness and in a condition containing a spot of light

projected externally in the mid-saggital plane of the
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subject. The measured somatogravic illusion tended to
be smaller and to decay more rapidly during the spot of
light condition. Figure 2.3 represents these results
(Cohen [1976]). Cohen's inference was that the target
spot of light somehow decreased the amount of
somatogravic illusion. Probably, the spot of light
acted like an external visual cue, thereby diminishing
the launch-induced somatogravic illusion. 1In real-world
circumstances, the lights of cockpit instruments can
have an additive effect on the somatogravic illusion, by
appearing to rise (oculogravic illusion) in conjunction
with a pitching back "feeling."

As a final comment on the nature nf the
somatogravic illusion, Dowd [1974]) references a study
involving a spatial orientation trainer in which the
largest performance errors occurred in the perception of
pitch in the posturogravic or somatogravic illusion, so
this is clearly a dangerous illusion, very worthy of

study and quantification.

2.5 VESTIBULAR ROLE IN THE SOMATOGRAVIC ILLUSION
Graybiel [1956) discusses at length the otolith
apparatus and its contribution to the somatogravic
illusion. 1In the paired utricles of the labyrinths, the
macular plates lie in the horizontal plane. The macula
consists of a basilar structure containing sensory hair

cells which extend upward into the gelatinous membrane
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which contains the otoliths. The otoliths "sense” the
force of gravity or any linear acceleration similar to
gravity. A change in a force's direction, relative to
the macula, causes a gliding of the otolithic membrane
¢ver the base thereby displacing the hair-like
projections and leading to nerve-ending stimulation.
Otolith organ study has been difficult due to the many
other sensory inputs stimulated by gravity.
Importantly, the otolith organs are not absolutely
necessary to rerception of human body position with
respect to gravity.

As can be seen in Figure 2.4 (adapted from Benson
[1965]), the utricle lies at the base of the
semicircular canals. Figure 2.5, also adapted from
Benson [1965), shows a very simplified depiction of a
vertical section of the utricular macula. The hairs of
the sensory cells enter into the canals of the
gelatinoue otolithic membrane. At an even smaller
level, Figure 2.6 shows the individual sensory cells of
the utricular macula.

Gillingham and Wolfe [1985] report that the
physiological cause of the somatogravic illusion
involves displaced otolithic membranes on their maculae,
due to the inertial forces caused by the aircraft's
acceleration. The inertial force resulting from the
forward acceleration of takeoff displaces the otolithic

membranes backward. The pilot "feels" pitched up and
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information from other sensory modélities often
reinforces this false sensation. The absence of
distinct external visual orientation cues, or the
presence of false visual cues reinforcing the vestibular
disorientation only contribute to the illusion, as has
been previously discussed.

In Figure 2.7 (adapted from Gillingham [19661]),
three variations of otolith organ action are shown.

When the head is tilted, the membrane moves, dragging
the hair cells with it and stimulating a sensation of
tilt which is transferred by way of the vestibular nerve
to the brain. Figure 2.7A depicts the otolith organ in
an upright position, Figure 2.7B shows the organ in an
aft-tilt, and Figure 2.7C demonstrates a fore-tilt.
Figure 2.8 (adapted from Gillingham and Wolfe [1986])
presents essentially the same information as Figure 2.7;
however, both the slightly different format and the
included explanation may be very useful. Additionally,
Figure 2.9 (taken from Air Force Manual 51-37 [1986])
presents similar information, as well as a brief
overview of the previously mentioned semicircular canals
and their function.

In an effort to save at least some measure of
respect for the vestibular and proprioceptive systems,
Cramer and Wolfe [1970] explain that a spatial
orientation trainer could permit the determination of

‘the nature of vestibular and proprioceptive inputs that
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Mechanism of action of an otolith organ. A change in
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thereby generating a new pattern of actjion potentials
in the utricular or saccular nerve. Shifting of the
otolithic membranes can elicit compensatory vestibulo-
ocular reflexes as well as perceptual effects.

Figure 2.8 Otolith Organ Mechanism uf Action
(Gillingham and Wolfe [1986])
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pilots could use in operating aircréft, rather than
“condemning" these systems simply because they induce
illusions. The pilot could use all sensory inputs in an
integrated, synthesized perceptual response instead of
an "epistemologic struggle for supremacy between

competing sensory modalities.”

2.6 PURPOSES OF THE PRESENT STUDY

The purpose of the present study ia to investigate
pilot and nonpilot performance on both a canopy-mounted
downpointer and a joystick-controlled attitude
jndicator. A difference between the devices in
performance is expected, while no difference between
pilot and nonpilot groups will confirm previous research
by Wol fe and Cramer [1970].

Several other components of the background
literature are included for the purposes of this study.
First, Wolfe and Cramer [1970] report that both naive
nonpilots and experienced pilots are equally susceptible
to the illusion of pitch induced by centripetal
acceleration. This fact indicates that no apparent
sensory adaptation or habituation of otolithic
information occurs from experience with flying or
spatial disorientation training. The present study
presents a unique opportunity to retest Wolfe and
Cramer's [1978]) conclusion of "no difference" between

pilot and on-pilot performance. However, this
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"experience" factor will be further studied by the
addition to the measurement environment of an apparatus
with which pilots should be very familiar and nonpilots
not familiar at all (see Chapter III1).

Secondly, an illuminated cockpit, as is the case in
one of the present study's conditions (see Chapter III),
does not enhance or attenuate the illusion as compared
with a total darkness condition (Cramer and wWolfe
rio7el]). This finding suggests that the primary sensory
input is from otolithic stimulation, and as Cramer and
Wolfe [197@] further express, proprioceptive input
appears to play a small role in perception when normal
otolith function is present.

Another factor of importance is McNaughton's [1985]
contention that, under conditions of poor visibility,
pilots dwell on the attitude indicator up to 75% of the
time. This could have implications for the subject's
ability to use various instrumentation, as one of the
present study's conditions requires visual
interpretation and fixation on an attitude indicator.

The USAFSAM's active research program in spatial
disorientation is currently examining the effects of a
number of different experimental variables on the
ability of subjects to experience the potentially
devastating effects of the somatogravic illusion and
others. An accurate and valid means of recording the

"magnitude and direction of the somatogravic and other
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illusioﬁs i? necesgsary for such research. in this
regard, USAFSAM is interested in the resulis of an
evaluation of two different subject-controlled attitude ﬁ
indicators. One device is a simple downpointer, while
the other is a joystick-controlled attitude indicator.
The description of these attitude indicators
is included in Chapter 1IT. Generally speaking. it was
predicted that one device would be better than the
other at quantifying the somatogravic illusion, although
it was unc¢lear which wculd prevail. The accuracy of the
devices was measured in degrees difference from the Loy
predicted value. One device, the joystick-controlier, v
provides visual feedback, while the downpouintier dces
not. ‘The null hypothesis indicates egquality of the
devices, while the rejection of the null hyjpothesis
could indicate that a) the joystick-controlled attitude
indicator is lrss accurate due to the requirement for "
more mental processing (to trarslate position into a
reading on the attitude indicator) or due to visual
interference with the vestibular illusion; or o} the
attitude indicator is more accurate due to visual

display feedback.
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CHAPTER I11I

METHODOLOGY

3.1 SUBJECTS

Sixteen USAF personnel, all testing normal on an
ll-part vestibular screening exam, volunteered to
participate as subjects. Eight of the personnel were
experienced military or civilian pilots, while the other
eight were naive nonpilots. The nonpilot subjects had
no previous aircraft piloting experience. Subjects were
encouraged not to eat within three to four hours of
their scheduled particivation. This precaution was
taken in order to avoid any serious symptoms of motion

sickness.

3.2 APPARATUS

Testing was conducted in the USAFSAM Vertifuge
{bnilt by the EMRO Corporation). 1t can best be
described as a small centrifuge that can be adjusted
during "flight" along the pitch and roll axes to a
maximum of 30 degrees in either direction. 1t can
rotate at a maximum of 25 rpm and expose a subject to a
maximum of 1.6 G. The device is primarily used to train
and expose pilots to various spatially disorienting
illusions and sensations which can occur during flight,

as wel) as to conduct research upon the same parameters.

The compartment or cockpit in which subjects sit is




covered by a blacked-out canopy tha£ prevents all light
from entering the compartment. The Vertifuge generates
the somatogravic illusion through centrifugal force
pushing outward against the subject, as he/she faces the
axie of rotation (inward). This centrifugal force
simulates an inertial force acting parallel to the
moment arm of the Vertifuge.

The first apparatus tested, the canopy-mounted
downpointer, is the current method used for gsubjects to
indicate their subjective pitch and bank attitudes or
positions. In complete darkness, subjects move the
downpointer to the direction that they perceive to be
the direction of the gravity vector. The deviation of
the subject's estimate from the true gravity vector can
be measured quite easily and is the metric used in
quantifying spatial disorientation illusions.

Figure 3.1 (Gillingham et. al.[1987]) shows the
downpointer in its mounted position; above, centered,
and forward of the subject's seated position. Figure
3.1 also shows the centrifugal force vector generated by
rotation of the Vertifuge, the gravity force vector, and
the resultant gravitoinertial force vector which is the
combination of the previous two. 1t is this vector that
the pilot confuses with the gravitational vector,
thereby inducing the somatogravic illusion. The general
shape of the Vertifuge's compartment and the sitting

position of the subject is also shown in Figure 3.1.
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An experimental device, also designed to quantify
spatial disorientation, has recently been developed and
can easilly be installed into the Vertifuge. It can best
be described as a remote-control inside-out aircraft
attitude indicator, actuated by a joystick. Accordinc
to McCormick and Sanders [1982], inside~ocut indicators
represent the aircraft as n fixed object, with the
horizon moving with respect to the aircraft. Straight-
and-level flight is indicated by the even overlap of
witgs and horizon. The device wos developed by Dr.

Mita L. Lewis in order to bhetter approximate a true
cockpit environment. Dr. lewls' contention was that the
downpointer is unrealistic and provides the subject with
proprioceptive cues (allowing the weight of the arm to
influence measurement) that would not normally be relied
on in the flying environment. The attitude indicator
inhibits, and may even prevent, this type of "cheating"
or unrealistic cue. The dnvice consists of a small
hand-actuated joystick resting on the subject's lap,
which remotely controls an attitude gyro-ball indicator,
mounted on the center of the cockpit instrument panel.
Any movement of the joystick is reflected in a
corresponding movement of the display indicator. This
apparatus, unlike a true aircraft indicator, represents
the subject's perceived attitude rather than the true
aircraft attitude. An important difference between this

device and the downpointer is that rather than
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per forming observations in total darkness, the attitude
indicator is backlit so that the device may be seen. 1In
other words, the instrument panel and cockpit are lit
during attitude indicator trials and completely dark
during downpointer trials.

The attitude indicator used in this device is
similar to that found in F-4 aircraft. It distinguishes
sky from surface through a gray-to-black color scheme
and depicts the horizon as a dashed line. The gyro-ball
moves in both the pitech and roll axes, with the pitch
axis being labeled in S5-degree increments up to 90
degrees in either direction. Figure 3.2 is a picture of
the face of the attitude indicator ball. The upper
portion of the gyro~ball, labeled "CLIMB," moves
downward past the simulaterd, center-fixed wings to
indicate a pitched-up position, while the lower portion,
labelled "DIVE,"” moves up to indicate a pitched-down
position.

The joystick controller (Futaha Corporation), which
actuates the attitude indicator in pitch and rol1l,
is similar to those used in flight control of model
airplanes. Figure 3.3 (Futaba Operation Manual [No
Date]) depicts the joystick-controller.

All Vertifuge operations and data output are
controlled from an operator's console located adjacent
to it. Important data parameters which were monitored

and recorded throughout the course of the present study
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Figure 3.2 Attitude Indicator Front Panel
(Air Force Instrumnient Flight Center Photo)
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included the speed of rotation of the Vertifuge (RPM),
the pitch angle of the cockpit (-30 to +3@0 degrees), and
the readout of the subject's perceived pitch angle as

indicated by the two devices (in degrees).

3.3 DESIGN

For practical considerations, each subject was
exposed to both the downpointer and the joystick-
controller in a counterbalanced design. The scarcity of
quali fied subjects, time constraints, and Vertifuge
availability made it less (desirable to design a study of
two randomized groups, each being expcsed to only one of
the devices. 1Instead, each subject experienced bhoth
devices in two different sessions. The order of
presentation of the devices is alternated for each
subject, partially controlling for any learning effect
from one apparatus to the other.

Campbell and Stanley [1963] define a
counterbalanced or cross-over design as that design "in
which experimental rontrol is achieved or precision
enhanced by entering all respondents (or settings) into
all treatments." In other words, Aall the subjects will
uge both the downpointer and the attitude indicator in
different trials. Graphically, the design is presented
in Table 3.1 (Campbell and Stanley [1963]}). The eight
pilots involved in the study were randomly divided into

two separate groups, Pilots]l and Pilots2. Pilotsl used
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GROUP DOWNPOINTER ATTITUDE INDICATOR

Pilotsl sl,0 82,0
Pilots?2 s2,0 81,0
Nonpilotsl 81,0 82,0
Nonpilots?2 s2,0 81,0

o - D W - - - ——— — G — —— . S e g g e v D M D e - — - — - ———— R = . — e o

Table 3.1 Counterbhalanced Design

the downpointer in session #1 (sl) and the attitude
indicator in session #2 (s?), while Pilots2 experienced
the attitude indicator in sl and the downpointer in s2.
The same technique is applied to nonpilots. The "0O's"
in Table 3.1 represent "observations" made during the

trials.

3.4 PROCEDURE

Prior to participation, eacl. subject was asked to
read and sign a consent form which explained the general
nature of the study and the types of sensations he or
she might experience (See MAppendix A). Additionally,
each subject was administered a preliminary vestibular
screening in order to eliminate any subjects with
abnormal or dysfunctioning vestibular systems. The
screening consisted of a battery of 11 motor skill and
sensory tests in which vestibular abnormalities would be
readily apparent (See Appendix B). Prior to the
experiment, a measurement was taken of each subject, in
the Vertifuge seat, for the purpose of identifying the
required rotational velocity necessary to generate the

gravitoinertial vectors corresponding to particular
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induced pitch angles. Although the computations are
rather complex, the measurement was easy and was
essentially dependent upon the subject's sitting height.

Pricr to each session, subjects were given a brief
training period in which to familiarize themselves with
the operation of the given device and to experience
several randomly selected pitch attitudes.

Upon training completion, each subject was exposed
to resultant gravitoinertial forces (@ to 50 degrees)
and cabin pitch positions (-3¢ to +3@0 degrees) in 10
degree increments. For each subject, the presentation
order of the six gravitoinertial forces was assigned
randomly, as was the presentation of the seven cabin
pitch values for a given force level. A total of 42
(6 x 7) different combinations of force direction and
pitch angle were thereby achieved. Presentation order
for the second session was exactly opposite that faced
in the first session.

After exposure to a position, it was necessary to
allow the subject to "acclimate" to that position,
permitting the possibly uncomfortable feeling of angular
acceleration to subside. When the subject felt
stabilized, he/she was asked to identify their perceived
position in space (Gillingham, Shochat, and Fischer
[1987]). With the downpointer, the subject attempted to
direct it towards the subjective gravitational vertical

or perceived "straight down"; and with the joystick, the
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subject attempted to represent his or her impression of
the compartment's attitude with respect to the horizon.
Data pertaining to position and subject response
(including deviations from predicted values) was
manually recorded from the operator's console (See

Appendix C).
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CHAPTER 1V
EXPERIMFNTAL RESULTS

4.1 BACKGROUND

Statistical evaluation of the data was accomplished
using both descriptive and inferential means, including
A simple proportions test and an analysis of variance
(ANOVA). The SAS User's Guide was used in the
formulation of several analysis programs. It is
important to note that the primary measure used in all
analyses was the deviation of the subject's perceived
pitch from the expected or predicted value.

As has been discussed, each subject performed 42
different measurements in two separate sessions for a
total of 84 observations per subject (over 16 subjects,
are a total of 1344 observations). There were no
missing data. Data were format .ed by subject name and
include the following parameters: pitch angle of the
compartment (ANGIL.F), g-direction (FORCE), rotational
velccity (RPM), observed value (ACTUAL), and predicted
value (PRED). By subtracting PRED from ACTUAL (ACTUAL -
PRED), a value termed DIF was created. This DI¥F
represents the deviation of the cohserved from the

predicted value.

4.2 DESCRIPTIVE STATISTICS

An initial way to look at the data is to summarize
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the relevant descriptive statistics about each of the
devices. Although this study is not primarily concerned
with the Aifferences in performance between pilots and
nonpilots, these data are also included for

informational and further research purposes.

Statistic DP Al

gy g S bomm e ———— fommmm +
|Mean | -4.23 | -16.92 |
S S Sy e Fommmemm e +
IStd Dev [ 9.49 | 13.83 |
g g Frmmmmm—rm——— fomm e +
lvariance I 90.06 | 191.30 |
$om e ————— e oo ———— . +
IMax Positive Deviation | 3.2 | 47.7 |
Fr et m e — e ——— o ————— fommmem e +
[Max Negative Deviation | -43.2 I -51.8 |
g fommmmm—m————— fommm e +
IRange | 73.4 | 99.5 |
Gy frmmm——————— frmm +
IMedian | -3.9 | -16.4 |
fmmmmm e mm e m—m— e — Fomm e ——— frmmm e ————— +
[Mode | -2.8 I -19.7 |
gy g Y SO ——fmmm e +
|Interquartile Range | 11.53 I 20.05 |
g U fmm——————— ——fmem e ——— +

Table 4.1 DIF values for the Downpointer (DP)

and Attitude Indicatcr (Al) in degrees.

As can be seen in Table 4.1, the downpointer device
per formed much better than the attitude indicator in
estimating the predicted pitch angle of the
gravitoinertial force. The mean deviation from the
predicted is less for the downpointer, and the standard
deviation is less as well. The range of deviations for
the downpointer is rouahly only 74% as large as the
range of deviations for the attitude indicator. On both
devices, the median and the mode closely approximate the

mean: therefore, one can infer a rough normality in
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deviations and estahiish several good measures of
central tendency.
Table 4.2 has been congstructed to show the

des~criptive statistics for pilot and anonpilot groups.

fommm e ————— ot m - +

| DP | Al I
e e - trmm———— - e e +
|etatistic | D | np | P | NP i
etttk bt bl trem e o ——— premm——— tmmmm—— +
|IMcan | =4.97 | -3.49 | -17.33] -16.50|
R it ek S tmmm e R -+
|std Dev | 9.3¢0 ] 9.64 | 15.39| 12.19]
e to e —— - to—————— +
fvariance | &5.431 a2.861 234.22] t148.61|
B e e T U ER R . b mm——— e S +
IMax Deviation | 1.3 ] 3@.2 1 47.7 | 12.6 |
e e - e ——— e e +
IMin Deviation | =32.9 | -43.2 | -51.8 | -%1.7 |
e e fomm - e o B T +
jRange | s2.2 1 73.4 1 99.5 | €4.3 |
o e e o ——— Ferm e Fm +
IMedian ! -4.35{ -3.6 | -19.25| -15.35]
B R s ittt ) R tom————— +
IMode | -s.5 1 -2.81 -13.9 | -19.7 |
D et L LR R - t——————- Fom————— +
linterquartile Range | 12.55} 16.8 ] 23.351 17.1 |
i Tt Tr tomm - tmm e ——— trmm e —— Fmrem +

Table 4.2 Descriptive statistics of DIF by Pilot (P)
vs. Non-pilot (MNP).

The results from thesc subsets of the data are
quite similar to the results of the overall device
comparison. There are several values worth noting. The
variance of observations found in nonpilots on the
attitude indicator is less than the variance found for
pilot obhservations on the same device. Additionally,
there are several anomalies found concerning the various
range measures.

Another way to define the value of the deviation
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DIF is to consider all deviations as absolute, rather

than signed, under-and over-estimations (Table 4.3).

Although this conversion renders several statistical

inference techniques unusable, it does provide an ]
interesting analysis that further enhances the

downpointer's advantage over the attitude indicator.

Statistic DP AL
ittt atel T T P o -~ +
|Mean | 8.02 | 18.27 |
e ettt ettt b R e o ————— Fommmmm—————— - +
|Std Dev | 6.60 | 11.99 |
R bttt T it e e tommmmm e +
|variance | 4131.58 | 143.71 |
i it R tmm e R e LR +

Table 4.3 Descriptive'statistics considering DIF
as an absolute value.

Here again one may observe some striking results:
the mean, standard deviation, and variance of the
downpointer is much lower than that of the attitude
indicator.

In order to consider the different predicted values
which exiat for ench combination setting of the
compartment angle and RPM, Table 4.4 is provided to show
the mean and standard devintion of each device at each
predicted value (-36 to +80). Table 4.4 clearly shows
how the attitude indicator underestimates the predicted
positive-pitch values. Although it does seem to more
accurately reflect the negative predicted values, the
standard deviations are very large and the number of

observations are small, decreasing any potential
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I DP 11 Al I
- et R e Fmmm——— ettt o ———— ++
B ! pv | # |1 Mean | sStDev || Mean | StDev | |
R et ittt R ettt R R ittt - ++
|-30 | 32 |1 -22.14 | 8.7 || =-31.38 | 1@.13 ||
Fomm e R ittt ate I Phmmmm e e ———— ++
|-20 | 64 || -16.23 | 5.24 || =-22.12 | 10.37 ||
R T P e m e 4 ———— et e ++
=10 | 96 |1 -8.68 | 6.33 || -14.69 | 6.99 ||
R et e to—m————e R it Gttt ++
Il | 128 || -90.51 | 4.44 || -7.42 | 4.53 ||
B e o m——— thmrm——————— o ++
l+1¢0 | 1692 || 8.56 | 6.17 || .05 | 2.3r ||
dommm b= e 4 e e ———— ++
1+20 | 192 || 15.73 | 4.47 || 5.28 | 5.35 ||
Forme e T R i atale ttemmm e tom e ++
l+3p | 192 11 24.67 | 4.78 || 9.23 | 4.9 ||
e ettt e o R et tmm—m———— ++
l+40 | 160 || 32.92 | 7.24 || 13.57 | 6.33 ||
tom et . m B R o — Ty T ++
b+s0 | 128 || 41.46 | 9.65 || 23.75 | 16.29 ||
e e bt ttommmmme e pm——————— ++
l+60 | 96 || 51.13 | 1¢6.21 1| 34.15 | 13.94 ||
B T T Fhmmmm e Fom e L e atadad ++
1+70 | 64 || 59.43 | 12.51 {| 49.46 | 14.22 ||
e Dttt R ettt R o - tmmmmm——— ++
1+80 | 32 11 79.83 | 9,19 || 53.49 | 22.20 ||
e e Sl thmm e tom e e X P e m e ++
IEElE ﬂ;i Means and Standard Deviations of DIF at
each predicted value (PV) level. "#" represents

the total number of observations at that PV.

statistical significance. Figure 4.1 plots the means
and =standard deviations from Table 4.4, and Figures 4.2
and 4.3 show similar plots for pilots (Figure 4.2) and
nonpilots (Figure 4.3). All graphs plot actual vs.
predicted values.

Before applying any interential statistics on the
existing data, a simple proportions test was conducted.
In this Aanalysis, the value DIF (deviation) was compared

agajnst several criterion values. Proportions of

obgervations that fall outside of the criterion values
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were compared between the two devices. The criterion
values selected were: greater than 5 degrees deviation
(GT5), greater than 10 uegrees deviation (GT18), and
greater than 15 degrees deviation (GT15). Deviations
were considered as absolute values and results are

contained in Table 4.5.

g r e e o s ot o o e 2 o e s — +

|PERCENT OF OBSERVATIONS OUTSIDE CRITERIONS|
e —— e Bt fmm e ———— +
|CRITERION | DP ! Al |
T e, T TSy R - ——————————————— +
i GTS I 61% I 84% |
R it o ———— e ————— Fom e —————— e — - = +
| Gr1o | 291% I 71% |
e ———— S LT T UG U tmem—— ——————— = +
| cr15 | 15% | 54% |
e — = el T e e +

Table 4.5 Percentage of observations
falling outside criterion ranges of greater than
5, 18, and 15 degrees.

Cbviously, the downpointer was more accurate at all
three criterion levels, having the smaller percentage of
out of bhoundary observations. The most glaring example
of this was found at the GT15 deviation level:; while
only 15% of the downpointer observations lay outside 15
degrees in either dirzction from the predicted value,
over half (54%) of the attitude indicator observations
were more than 15 degrees away from the predicted.

Another way to describe the existing data was to
plot the regression lines of each device on a graph of :;f
actual vs. predicted values. The slope and intercept of

each device's function could then be compared to the

other and also to the given predicted line. This




predicted line possessed an intercept of zero and a
slope of 1.4. Figures 4.4, 4.5, and 4.6 represent the
regression line plots for the of the actual vs.
predicted means for the two devices averaged across all
subjects (Figure 4.4), and two other plots representing
actual vs. predicted pitch angles for each device within
the pilot (Graph 4.5) and nonpilot (Graph 4.6)
subgroups. Upon visual inspection, no apparent
difference among the three graphs can be observed.

Their regression parameters are listed in Table 4.6,
which shows the intercept, slope, and correlation of the

four lines representing each group on each device.

e iatatat b et Fomm e +

[ DP | Al |
e e et Fom e R tmm———— tm—————— +
|statistic | P | NP | P | NP |
o e e Fom————— fommmmmm Fmm—————— b +
[Intercept | -.766 | .174 | -9.200| -8.395]|
et Rttt oo e tm————— Fom +
|s1ope | .832 | .854 | .675 | .676 |
e ettt Fom e tmmmmmem e i S +
|ICorrelation | .9369 | .93@8 | .8140 | .8985 |
Y et T P L PP Fmmmmm - tmmm - o tommm—— +

Table 4.6 Regression line intercept, slope, and
correlation for pilots and nonpilots on each device.
Table 4.6 shows quite well the relationships
hetween the various intercepts and slopes of the
regression lines. Most importantly, it shows similarity
between pilots and nonpilots on both devices, and the
major differences which exist between the devices.
The regression line that represents both pilot and non-

pilot performance on the downpointer has an intercept of
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-#,293 and a slope of .B43, while the line representing
both groups on the attitude indicator intercepts at
-8.798 and has a slope of .675. In comparing both of
these lines to the predicted line which has an intercept
equal to zero and a slope equal to 1.4, it is apparent
that in all cases the observed slopes are not equal to
1.#. The downpointer's regression intercepts are not
statistically different from 0.0, but the attitude
indicator's intercept is statistically meaningful using
a simple F-test.

Table 4.6 also shows Lhe correlation values for
each of the four different device-group lines. These
values simply represent how well the actual values

follow the predicted values.

4.3 INFERENTIAL STATISTICS

Considering the previous descriptive analyses, it
seemed unfruitful to perform an elaborate inferential
analysis. “he use of such techniques as linear models
was not required, but a simple ANOVA between several
parameters of intevxest provides another means of data
analysis supporting the results presented in the
descriptive analysis section.

Tahle 4.7 presents the overall ANOVA summary
considering all 1344 observations. The term 4f
reprasents degrees of freedom, MSe stands for mean

‘squared error, and F is the value of the F statistic.
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e e = e e tomm e +
|source S § MSe ] F |
e e R pp— tmmm———- R trmmm e +
IPilot Status (PS) | 1 | 45@.24 | 0.53 |
e tommm———— T e ettt e +
IDevice ! 1 | 541¢5.84 | 0Q6.14%%% |
tomm et o —~temm - R ettt tom e +
IPS * Device | 36.11 | 0.06 !
R e e ——— 4o —te————- o o +
| *** pc.po1 |

R +

Table 4.7 Analysis of Variance Summary

In this ANOVA, there is no statistical significance
between pilots and nonpilots on either device (p=.4775).
Additionally, the interaction batween pilot status and
device shows no significance (p=.8037). There is
siat . ficance, however, between the devices; this

signi ficance is at the .0001 level.

Approaching this concept from a different
perspective, consider the range of possible predicted
values. This range goes from -30 to +80 degrees, in 10-
degree increments, with a varying number of observations
at each value. An AMNOVA was performed at each of these
predicted pitch values in order to determine the
significance level, if any, between pilot status,
device, and pilot status/device interaction. Table 4.8
prosents the results. The term PV represents the
predicted value from -390 to +80, the # symbol represents
the number values in the data set, PS is the
signi ficance level of pilot status, DEVICE is the

signi ficance level of device differences, and PS*DEVICE

is the interactive significance level.




o ——— tmm e — e~ b fommm e +
| pv | # | PS | DEVICE | PS*DEVICE |
e D, o e e mm e +
|-32 | 32 | .8957 I LO015%* | 4017 | .
R ek bt PP e ———— o - it + %
|-200 | 64 | .R925 I .9237* | 5616 I ’
$r b — tmmm—m e torm e ——— tomm——— e +
i-10 | 926 | .3497 | 2030** | .3916 {
R et el et fmm e e e e ————— i
o | 128 | 8005 | LOBGL** L6618 !
R et et YR o fommm tomm e +
[+10 | 160 | .22e3 | .oga2x* | L5137 i
Fe - —— b m e e — e fmm e e e + .
l+2¢0 | 192 | 5121 | .oQp)*+ | £428 |
e L T T e Fom e R taatade +
1+30 | 192 | .0394*% | LO0GL L7207 I ;
tm e —— R LUy N O LT T Dy + v
I+40 | 160 I L4002 ! .QBaL** | .8461 |
i St TR PR Form e P e e o e +
i+54 | 128 ! 7168 | aOuor*~ | 7671 | .
- e R e T mm + !
[+60 | 96 ! .7446 ! Le0p3 % x| 917z I
e mm b tommm e fpmm——— e ——— ittt +
f+70 | 64 | .5994 i LPROLE* | 6671 ! ‘
R Fmm o m———— Fmm e P e e ——— + Ry
l+80 | 32 I 9571 | L0040 | 8184 | o
o e e e fromm e e e Rt + o
Table 4.8 Analysis of variance at different =
predicted value levels for pilot status, device, _g
and pilot status*device interaction.
(* p<.95, ** p<.opl). .
With an "alpha" level set at .9%, Table 4.8 shows =
dramatically that at each aud every predicted value ;?
. A

level there is a significant difference betwecen
dowvnpointer performance anrd attitude indicator

per formance. Table 4.8 also shews that at all predicted
values, except +30, there e no significant difference
between pilots and nonpilets. Finally, no sigunificance
occurred at any of the conditions testing for

significance between the interaction of pilot ctatus

with device.




From the statistics presented, it is apparent that
in guantifying the amount of the somatogravic illusion,
the currently used canony-mounted downpointer is
supucior in performance to the joystick-controlled
attitude indicator. It is also concluded that there is
no real difference between experienced pilots and
ncnpl lots in their performance on either device, which
supports previous studies. Tn the fcllowing chapter,

scme of the .implications of this study and several

sunaestionsg for further reszarch will be addressed.




CHAPTER V

SUMMARY OF RESULTS, COMNCLUSIONS, AND RECOMMEMDATIOMS

5.1 SUMMARY OF RESULTS
There are two primary results of this study:

1) One may reject the null hypothesis and conclude that
there is a difference bectween the two devices. 1In
quantifying the somatogravic illusion, the downpointer
is clearly more accurate, in terms of the given model
of the 1llusion, than the attitude indicator, and
should, therefore, he retained as a reasuring device.

2) There is no significant differer: Jetween the
performance of pilots and nonpilots on either attitude
indicator during exposure to the somatogravic

illusion.

5.2 CONCLUSIONS

Since the USAFSAM is actively involved in research
on spatial disorientation, they acre 2xpected to use
these results to evaluate and improve their research
methods, techniques, and ejuipment. In this regard, it
is clear that the USAFSAM must continue to use the
canopy-mounted downpointer as the primary data
collection instrument on the Vertifuge, especially when
considering illusions involving pitch and acceleration.

There are many factors addressed in this chapier which

have influenced these recommendations, implications, and
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suggestions for further rescearch.

Not only does the downpointer perform measurably
hbetter at estimating the predicted values of the
gravitoinertial force vector, it also costs less to
construct and install, is casier to maintain, and is
gencrally easier to use. The raw materials involved

with the downpointer consist of a simple "extendable"

stick attached to a multi-axis pivot. Calibration of
the Adownpointer to record degrees deviation from a
reference point (gravity) is performed easily. The
attitude indicator device, on the other hand, consists
of A Futabha joystick-controller valued at approximately
$10M and a very expensive and difficult to obtain
McDonnell-Douglas -4 “"Phantom" fighter aircraft
attitude indicator.

The maintenance involved with the downpointer
consists of returning it to its "clip-up" holder after
use and calibrating it prior to data collection. The
attitude indicatnr must be properly charged; both the
joystick and the gyro-ball require separate charged
battery packs, as well as connection to the main
Vertifuge power supply. Of course, there is always the
possibility that either battery pack might partially or
completely drain prior to trial completion. 'The
attitude indicator must also be calibrated prior to each
trial and it should be removed and stored between

periods of use.

11%)




Finally, the downpoiunter is inherently easier to
use than the attitude indicator. "“Point toward what you
perceive to be straight down" is much more easily
processed than, "Adjust the attitude indicator's horizon
to what you perceive to be your position relative to the
horizon." There is much lecss information processing
involved with the downpointer; therefore, training is
easier and faster. Training periods for the attitude
indicator are consistently longer than for the
downpointer, and nonpilot subjects were often initially
confused by the premise of the inside-out display.
Additionally, the task the subject performs i~ actually
opposite to what a pilot would experience in true
flight. 1Instead of adjusting the "stick" of the
attitude indicator to "fly straight and level," the use
of the attitude indicator aske that the subject move
from the default position (straight and level) to a
pitched attitude.

Mnother item of interest involves the role of
proprioceptive cues in downpointer measurement. As
previously stated, the suggested tendency of subjects to
use proprioceptive cuzs more heavily and unrealistically
on the dcwnpointer led to the development of the
attitude indicator. Quite possibly, the downpointer is
too accurate &¢nd does not represent the actual effec!s
of A somatogravic illusion in flight.

There are several important implications of this
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stuily. Some simply serve to reinforce results and
conclusions from previous studies, while others serve to
affect further Vertifuge experimentation.

The fact that experienced pilots are affected by
the somatogravic illusion a8 much as naive nonpilots
serves to support several previous studies (e.g., Wolfe
and Cramer [1979]) and reiterate the importance of
continuing spatial disorientation training. This result
is important in establishing that there is no adaptation
tc the illusion through experience; even knowledge that
it cxists does not decreas~ the magnitude with which it
is felt. This serves to promote an active spatial
disorientation awareness program as the only effective
manner with which to combat the potentially devastating

effects of this problem.

5.3 RECOMMENDATIONS
Several recommendations for future study may be

explored. First, it is necesgsary to determine the
effect of ambient light in the Vertifuge compartment on
per formance with the downpointer. Realistically, even
during a "dark-night takeoff" or severe weather
conditions, there will be some ambient light in the
cockpit, probably given off by the instruments. ‘he

! only circumstance in which total darkness may occur is

immediately after catastrophic instrument failure. This

change in design would add more realism to the
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Vertifuge's condition and would also possibly eliminate
a hypothesis that explains the downpointer and attitude
indicater differences simply as a matter of the presence
of ambient light.

Another suggested study involves the performance of
a specific subject subgroup. Within this subgroup there
were two pilot subjects. Although their individual
per formances are not presented in the previous section,
it is appropriate to mention them here. These two
subjects were the only subjects with extensive
experience in high performance fighter aircraft (F-15
and F-16}. Both of them per formed much worse than all
other subjects on both devices. This could mean that
they have learned to completely disregard their
vestibular and proprioceptive inputs and that they would
not hesitate to consult their instruments. Or more
importantly, it may indicate some type of vestibular -
decrement nf the otolith crgans caused by extended lcng-
terin exposure to the g-shearing and spatially
disorienting effects of the high performance
environment. There are no longitudinal cata available
to support or refute this contention, 28 these aircraft
have only been extensively introduced in the last 15
years.

A final proposed research topic involves the
development of yet another measuring device utilizing

‘the best characteristics of the downpointer and the
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attitude indicator. A side panel-mounted, spring-loaded
downpointer would eliminate the ability.of the subject
to ohtain "unfair" proprioceptive cues using the arm,
while at the same time be inexpensive and easy to
operate.

To summarize, it is necessary to promote an
awareness of spatial disorientation at a level much
higher than is being promoted and recognized today.

With the increasing emphasis in this decade on G-induced
losa of consciocusness, spatial disorientation has
seemingly assumed a backseat. This is in error. There
are very important implications involved with spatial
disorientation which range from the operational
envivonment of an overworked pilot to the philosophical
question of how man truly uses his senses to properly
orient himself. There is a challenge to save lives,
lower costs, and increase war-fighting capabilities.
This challenge may partially be addressed thrcugh

continued, dynamic, and operationally responsive

rescarch into spatial disorientation.
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APPENDIX A

INFORMED COMSENT

1. I, ., hereby volunteer to participate as a
test subject In the following expoariment, "Spatial Disorlentation
in Humans", under the direction of Dr. Xent Gillingham, which has
As its purposs the examination of the ways in which various senscs
{frr example, vision, non-visual scnses of balance, hearing, and
touch) contribute to a person’'s orientation in space.

2. has discussed with me to my
satisfact]on the reasons for thie experiment and its possible
adverme and beneficial consequences. I underetand that I will
receive a routire screening including visual and balance testing
prior to being admitted to the study. I know that I will be given
2 task to perform while I am riding the Vertifuge. For example, 1
may be asked to "fly straight and level” or to point downward. 1
underastand that additlonal information may be collected from me
such &8 my level of attention or memory or the time it takes me to
respond to certain signals. I know that some of the psople who
ride the Vertifuge develop symptcoms of motion sicknese which can
range from mild gueasiness to vomiting. I understand that one of
the investigators will be present while I am riding the Vertifuge
And the expeciment will be stopped {f I experience significant
motion sickness. 1 understand that results of visual and health
screening will be made available to me.

3. This consent ls voluntary and has been given under

- circumetances in which 1 can exercloce frees power of choice. I
have been informed that I may at any time revoke my tonsent and
withdraw from the experiment without prejudice and that the
tnvestigatore may terminate the experiment at any time regardlese
of my wishes.

4. I undarstand that before my use as a test subject, I must
inform the principal investigator of any changes in my medical
status. Thie information will include any medical or dental
care/treatment received since my last use as a test subject.

Voluntecer's Slignature Date

organlzation, Grade, Duty Phone Soc Becurlty ¥

1 was present during the explanstion referred to above as weil aa
during the volunteer's opportunity to ask questions, and hcteby
witness the signature.

wWitness Date
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APPENDIX B

N VESTIBULAR EXAHINATION
Hamo o
oate:
SYHPTUN FIFESENCE COMMENTS

Fatlent Hitstory

1. DOtzzinrss
2. Dcafneas
). Tinnitus

]

Fhysical Tests
Vestibulo-apinal

Walklng (eyes open)

Halking (eyas olosed)
Fast-pointing (F-F)

Sharpenad Rumberg (eyes closed)
Stepping

|

L

LV OFRY VIR

Yeatibulo-ocular
. Gare Nystagmua

a. Spontaneous (R-point)
b. Latent

2. Trlositional Nystagmus

a. FProvolied

b. Latent _
J. Notational Nystagmus
DIAGNOSLS: Rormal_ QOther
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APPENDIX C

SURJETT: _ DATE: _ DEVICE:
CNCKFPIT COCKPIT
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VITAa

CELSUS: Jehn F. thonmpson was born on
April 1w, 1962, irni Wooster,
Ohio. His mother is Mrs.
Japet L. Thcmpson of Dunedin,
Florida. He is married.

TRAINING: John F. Thompsou graduated from
ludiana Area Seniovr High
Schoovl, Indiana,
Peunsylvania, in Jun=, 1980,
He received a Bachelor of
Science degree ana a
commigsion as an officer in
the U.S. Air Force from The
United States Air Force
Aeademy, Colorado Springs,
Coiorado, i1n December, 1984.

EXPER1ENCIE : From January, 1985 to August,
31987 he worked as an
occupational analyst at the
U.S.A.F. Occupational
Measurement Centeyr, Randolph
Alir Force Base, Texas. Since
August, 1987 he has been a
full~time industrial
engineering student at St.
Mary's University, san
Antonio, Texas, on
scholarship from the Air
Iorce Inst.itute of
Technology.

PLRMANENT ADDRESS: 1452 Mallsrd Place
Paim lHarbor, FL 34683




